Objectives: Obesity is a leading risk factor for global mortality, promoted by poor dietary habits and sedentary behaviour. This study explores the clustering and differences in dietary habits, body mass index (BMI) and physical activity (PA) amongst youth from United Kingdom (UK) and Saudi Arabia (SA). Methods: 2290 males and females aged 15 -17 years completed a self-report questionnaire and an objective measure of BMI. Results: Youth from SA had a higher prevalence of overweight/obesity and lower levels of PA than youth from the UK. Males were more physically active than females across both countries. Three clusters were identified: a "high risk" cluster with least healthy dietary habits, low PA and high BMI; a "moderate cluster" with moderate healthy dietary habits, PA and BMI; a "low risk" cluster with healthiest dietary habits, greatest PA and the lowest BMI compared to the other clusters. There were more SA youth in the high and moderate risk clusters compared to UK youth. Conclusions: Exploring cross-cultural and demographic characteristics of youth enables the identification of similarities and differences that might lead to the development of universal intervention strategies.
Introduction
Physical inactivity and obesity are leading risk factors for global mortality [1] [2] . Recent epidemiological studies utilising valid measures of PA have demonstrated stronger associations between PA and health benefits than have been observed previously [3] [4] . The strength of the relationship between PA and health outcomes persists throughout people's lives, highlighting the potential health gains that could be achieved if people continue to be active. The increase in the global obesity epidemic during the past few decades is substantial. However, there are wide variations in obesity prevalence across countries and populations due to socioeconomic, cultural and transport differences in national and local environments [5] . Industrial countries have witnessed significant technological advancement and automation during the first half of the 20 th century. This was paralleled by decreases in food energy supply that helped in preserving low obesity prevalence. However, in the 1970s-80s, an energy balance turning point seems to have occurred in many high-income countries [6] followed by a number of middle-income and low-income countries who have joined the global surge in obesity prevalence in adults and children [7] [8] . It appears that the most obvious environmental precondition for a population to develop obesity is sufficient wealth and economic prosperity [9] . The lifestyle changes during the last 2 -3 decades in high-income countries seems to have led to a decrease in the energy expenditure needed for daily life and an increase in sedentary activities and weight gain.
The cross-cultural differences in lifestyle, dietary habits and PA in relation to overweight and obesity are clearly of interest to researchers, health professionals and policy makers in most countries to explore and identify intervention strategies. Both the UK and SA are regarded as high income countries with a growing problem of obesity among their child and adult populations [10] . The economic development and technological advances in the UK over the past few decades have led to a serious discrepancy between food availability and the energy required to access food. This has, inevitably, led to a new pandemic of metabolic conditions such as obesity and type 2 diabetes. Meanwhile, over the past two to three decades, SA has witnessed significant lifestyle changes due to rapid development, dominance of the automobile, availability of high-fat foods, satellite TV, increased reliance on computer and telecommunication [11] .
The most important risk factors of non-communicable diseases in the Arabian Gulf countries include high blood pressure, high concentrations of cholesterol in the blood, inadequate intake of fruit and vegetables, overweight or obesity, physical inactivity and tobacco use [12] . Five of these risks are closely related to inappropriate diet and physical inactivity. One of the key determinants of energy expenditure in youth is taking part in health-enhancing PA, which leads to improved cardiovascular and metabolic fitness as well as bone health [13] . Childhood and adolescence are crucial stages of development where lifestyle habits are formed and set. Young people's health habits and PA are normally influenced by a number of physical and social environmental determinants. These include: culture, societal norms, attitudes, built environment and climate.
In the UK, sedentary behaviour and low levels of PA are regarded as the key factors in promoting obesity among young people [14] . The excess weight gain which has taken place by the time of adolescence may often have occurred largely by the time children enter primary school [15] . The prevalence of overweight and obesity in the UK has increased significantly with almost one in four children either overweight or obese [16] . Likewise, an alarming level of physical inactivity among the Saudi populations has been reported, as well as poor dietary practices, predisposing them to health problems [17] - [22] . The significant lifestyle changes witnessed in the UK and SA during the last three decades have led to the prevalence of sedentary lifestyle and an ever-increasing rate of obesity amongst young people and adults in these countries [23] [24] .
Unhealthy dietary habits, physical inactivity and excessive BMI are considered to be the main risk factors and a genuine cause for concern amongst youth in both countries. To date, a very limited attempt has been made to examine the interrelationship of these risk factors within youth or to explore the cross-cultural differences in order to design interventions that target these risk factors. Generally, studies that have focused on dietary habits, have failed to examine the relationship between different food practices. However, directional relationships have been identified in several studies. For example, a recent study on Saudi youth aged 10 -19 years reported a significant positive correlation between sugar-sweetened beverage consumption and poor dietary habits [20] . Also, skipping breakfast has been associated with lower nutritional status and increased risk of cardio-vascular disease [21] , while low fruit and vegetable intake has been associated with low PA [25] .
Hence, the main objectives of this study were to: firstly, assess levels of PA and obesity index of youth from the UK and SA; secondly, investigate the clustering of eight dietary habits, BMI and PA; and thirdly, identify the cross-cultural and demographic characteristics within the clusters. This attempt to explore the relationships between different food habits, BMI and PA cross-culturally should enable health professionals to understand how behaviours cluster together so that they can design more effective intervention strategies.
Methods

Sample and Procedure
The study was carried out in two countries that are culturally and environmentally diverse, the UK and SA. Data was collected in two cities of the UK-"Birmingham" and "Coventry" (henceforth referred to as Central England-CE), and one city from SA called "Al-Ahsa". Birmingham is a large metropolitan and the second largest city in England. Coventry is the second largest city in the Midlands. Both are situated in Central England [26] . Al-Ahsa is the largest governorate in the Eastern Province of SA; it has the second highest population in SA and the longest history of adopting a Western lifestyle with respect to nutritional habits [27] . A total of 2290 young males (1185) and females (1105) aged 15 -17 years-old from CE and SA volunteered to complete a self-report lifestyle questionnaire on dietary habits and PA, which took approximately 10 minutes to complete. Also, an objective measure of BMI was taken. Prior to data collection, ethical approval from the Institutional Research Ethics Committee was obtained.
A stratified sample representing the different geographical areas in each city was identified; the sample size was determined so that it would be within ±0.05 of the population proportion with a 95% confidence level. Participants were randomly selected from secondary schools in each city. Furthermore, within the participating schools, a random selection of youth from each class was selected (based on class lists) for participation in the study. Informed consent was obtained from all participating schools, guardians and participants prior to data collection. Sampling procedures were also standardised across participating schools and cities. In Birmingham, a total of 637 participants took part, with 329 females and 308 males. In Coventry, a total of 515 participants took part, with 238 females and 277 males. Thus, CE equated to a total of 1152 participants, with 567 females and 585 males with an overall mean age of 15.4 ± 0.67 yrs. In SA, 1138 youth took part, with 538 female and 600 males, with an overall mean age of 16.6 ± 0.64 yrs. Sample characteristics of youth from CE and SA are presented in Table 1 .
Measures
A validated self-report questionnaire in both the Arabic and English languages was used to assess dietary habits and PA [11] [28] . Further details on the adaptation of the questionnaire from Arabic to English language have been reported previously [19] [29] . For greater accuracy, the questionnaire was administered face-to-face by the researchers across participating schools, cities and countries. This enabled the researchers to explain the questionnaire in full prior to completion. It also afforded youth the opportunity of posing any questions before, during or after completing the questionnaire. The questionnaire included the following two sections: 1) PA section: This encompassed a series of questions that included various domains of PA such as household, transport, fitness and sports, representing light-, moderate-and vigorous-intensity physical activities. Each physical activity was assigned a MET value based on previous MET compendium guidelines for the PA of adults [30] and youth [31] . The average MET value assigned to moderate intensity sports was 4 METs, whilst vigorous intensity sports were assigned an average value of 8 METs. The equivalent MET value for walking was dependent on self-reported walking pace, with slow (2.8 METs), normal (3.5 METs) and brisk (4.5 METs) walking pace assigned modified values from the compendium of PA for youth [31] [32] . Based upon the metabolic equivalent (MET-min) values of each activity reported by the participant, total energy expenditure per week was calculated (total MET-mins per week). The participants' level of PA was measured by total METminsper week and the MET-minsper week spent in vigorous-and moderate-intensity PA. A cut-off point of 60 minutes per day of at least a moderate level of PA was used to classify overall activity level, based on recent recommendations [33] . This was then converted into two activity categories based on total MET-minsper week as follows: Active: >1680 MET-minsper week (60 minutes × 7 days × 4 METs); and inactive: <1680 METminsper week [34] .
2) Dietary habits section: this included specific questions designed to quantify the frequency of certain dietary habits of youth. The questions covered healthy and unhealthy dietary habits. They comprised questions related to how many servings per week does the participant consume breakfast, fruit and vegetables, milk, sugary foods, energy drinks, fried potatoes and fast foods. The fast foods in this regard included some examples from both Western and Middle Eastern fast food choices.
BMI Measurement
Body weight was recorded using medical weight scales (Seca Ltd., Hamburg, Germany) and participants were weighed barefooted and without excess outer clothing. Weight was measured to the nearest 100 grams. To ensure measurement accuracy, the scale was regularly calibrated in line with the manufacturer guidelines. The weight scales were also checked for a zero reading before each weighing. Height was recorded using a portable height measure (Seca Ltd., Hamburg, Germany), and measurements were recorded to the nearest 0.5 centimetre. All measurements were taken by trained researchers. Height and weight scales were the same across participating schools, cities and countries. BMI was calculated using the formulae: Weight (kg)/Height (m 2 ). In accordance with the International Obesity Task Force (IOTF) criteria, age and gender specific BMI cut-off points were used for overweight and obesity classification [35] .
Statistical Analysis
Descriptive statistics were utilised to highlight the prevalence of overweight/obesity as well as classifications according to activity index. PA levels and BMI of the youth were analysed according to country and gender using two-way analyses of variance (ANOVA). Additionally, a two-step cluster analysis was used to identify clusters of different risk factors based on dietary habits, BMI and PA (e.g., total MET-minsper week). This is an analysis used to identify subgroups of cases in specific populations based on shared characteristics. The patterns within a cluster are much more similar to each other than they are to a pattern belonging to a different cluster [36] [37]. Clusters are then given names based upon the characteristics of the variables (e.g. dietary behaviour, PA, BMI) that shaped them. The measurement criteria are the pattern within the cluster and how they differ from another cluster. Subsequent analyses such as chi-square and analysis of variance (ANOVA) were used to identify differences between the clusters with regard to cross-cultural (i.e., CE & SA) and demographic characteristics (i.e., gender, age). Analyses were conducted using the Statistical Package for Social Sciences (Version 19, SPSS Inc. Chicago, IL, USA).
Results
Descriptive Statistics
The overall demographic characteristics of the sample are displayed in Table 1 . The sample consisted of 2290 youth, 1152 from CE and 1138 from SA. Mean age (±SD) by country was 15.4 ± 0.67 years and 16.6 ± 0.64 years respectively. Gender composition by country consisted of 585 males and 567 females from CE, and 600 males and 538 females from SA. Overall, British youth had a lower BMI and were slightly younger and taller than the Saudi youth. They expended greater energy from PA and exhibited more prevalent healthy dietary practices compared to Saudi youth. Table 1 further displays the risk factor composition of the sample by country. Descriptive statistics, statistical analysis and effect sizes were reported. There were significant differences in dietary habits between youth from the two countries. Saudi youth participated in less healthy dietary practices than British youth (p < 0.001). Consumption of fast foods and fried potatoes within a week was higher amongst Saudi youth (p < 0.001). Additionally, Saudi youth had a higher BMI and lower levels of PA than the British youth (p < 0.001). However, there was no difference in sugary food intake between the two groups (p > 0.05). Moreover, British youth consumed more energy drinks within a week (p < 0.001) than their Saudi counterparts.
Individual Risk Factors by Country-Overview
Differences in Physical Activity Levels
A two-way ANOVA was carried out to test for country, gender and their interactions on PA levels. The analysis confirmed significant differences between country (F(1,2241) = 671.752, p < 0.001, eta squared = 0.216) and gender (F(1,2241) = 410.621, p < 0.001, eta squared = 0.155). British youth were considerably more active than Saudi youth (3774 and 1500 mean total MET-mins per week respectively), and males more active than females (3554 and 1710 mean total MET-mins per week). However, there was no significant interaction between country and gender with regard to PA levels (total MET-mins per week) (p > 0.05). The percentages of "active" youth (males and females combined) in CE and SA were 74.7% and 25.2% respectively ( Table 2) .
Differences in BMI Classifications
A second two-way ANOVA was carried out to test for country, gender and their interactions on BMI. The analysis confirmed a significant difference between country (F(1,2241) = 671.752, p < 0.001, eta squared = 0.216) but not for gender (p > 0.05), and there was no significant interaction (p > 0.05). British youth had a lower BMI compared to Saudi youth (mean 22.0 and 24.0 kg/m 2 respectively), but there was no significant difference in BMI between males and females in each country. The BMI classifications according to the IOTF are presented in Table 3 . These figures indicate that youth from SA have higher prevalence of overweight/obesity compared to CE youth (36.5% and 23% respectively).
Cluster 1 (high risk factors) engaged least with healthy dietary practices compared to the other two clusters; they consumed the fewest servings of fruit and vegetables, breakfast and milk in a week. Also, they participated in less PA and had the highest BMI compared to the other two clusters. They consumed unhealthy foods such as fried potatoes and fast foods at a moderate level compared to Clusters 2 and 3 ( Table 4) .
Cluster 2 (moderate risk factors) had considerably more behaviours falling into the moderate category compared to Clusters 1 and 3. This cluster was therefore shaped by moderate servings of fruit and vegetable intake per week, moderate breakfast consumption (on average three times per week) and moderate consumption of milk. The latter dietary behaviours are all associated with healthy food and dietary habits. Also, this cluster seemed to be shaped by moderate PA and BMI (Table 4) . Nevertheless, this cluster did report engaging in four unhealthy dietary behaviours at a greater level compared to the other two clusters: consumption of sugary foods (on average five servings per week), fried potatoes (more than five servings per week), fast foods (on average four servings per week) and energy drinks (more than two servings a week) (Figure 1) . Cluster 3 (low risk factors) engaged the most with healthy dietary practices compared to Clusters 1 and 2. They were characterised by better fruit and vegetable intake and high breakfast and milk intake (more than five servings per week). This cluster was the least engaged in unhealthy dietary practices (e.g., fried potatoes & fast food intake), participated most in PA during a week and had the lowest BMI compared to the other two clusters (Table 4) . Nevertheless, their consumption of sugary foods and energy drinks was at a moderate level compared to clusters 1 and 2 (Figure 1) .
The patterns of cluster affiliation differed across country (χ 2 (2) = 115.319, p < 0.001, Cramer's phi = 0.233), gender (χ Moreover, further partitioning of the significant contingency tables for gender revealed that there was no significant association between Clusters 1 and 2 and gender (χ 2 (1) = 1.919, p = 0.166, phi = 0.035). Also, there was a significant association between Clusters 1 and 3 and gender (χ Likewise, there was a significant association between Clusters 2 and 3 and gender (χ 2 (1) = 57.593, p < 0.001, phi = 0.219), with a higher percentage of the females (62.1%) in Cluster 2 and a higher percentage of males in (59.9%) in Cluster 3.
The following was depicted for age: Tukey HSD post hoc tests revealed that there were significant differences between each of the clusters (p < 0.05); while older participants fell into Cluster 1 (mean age 16.2), the youngest participants fell into Cluster 3 (mean age 15.8).
Discussion
Over the past three decades, the UK and SA have experienced significant lifestyle changes. Consequently, sedentary lifestyle, low levels of PA, and high rates of obesity became widespread amongst youth in these two countries [18] [19] . The sedentary lifestyle seemed to be on the increase despite the multiple health gains associated with a physically active lifestyle; this decline in PA is more evident with the increase in age of both males and females.
It is well known that many complexities exist in understanding why some populations and subpopulations are more susceptible to the drivers of obesity than others, and how mediating factors affect different population groups. To date, most studies have focused on the significance of unhealthy behaviour in isolation from other high risk behaviours, even though research has shown that health behaviours often coexist [25] . The distinctive contribution of this study is evident in its approach to data analysis which examines the clustering of multiple health behaviours of youth using a cluster analytical procedure. The study attempted to investigate dietary habits, BMI and PA cross-culturally to identify possible clusters of behaviours of interest to policy makers, teachers and health professionals alike in the respective countries. Exploring the cross-cultural and demographic characteristics of youth enables policy makers to identify similarities and differences that may inform the development of universal intervention strategies.
Three distinct clusters were identified in this research based upon the variables of interest: Cluster 1 "high risk factors", Cluster 2 "moderate risk factors" and Cluster 3 "low risk factors". The largest proportion of the sample fell into Cluster 1 (43.4%), with 61% of this sample being youth from SA. Furthermore, a larger number of females and older youth were in this cluster too. Also, members of this cluster participated least in healthy dietary behaviours, had higher BMI and reported lower PA. These findings alongside the ANOVA outcomes clearly demonstrate that youth in SA are significantly less active and are more likely to be obese than youth from CE. The low levels of PA amongst Saudi youth might be due to environmental and cultural reasons as well as limited availability to suitable facilities for exercise. Moreover, males in both countries seem to report more PA than females. The gender differences found in this study seem to concur with the findings from several other studies indicating that males are generally more physically active than females [25] [38] .
Another interesting finding from the cluster analysis was that individuals in cluster 2 (moderate risk) participated in both healthy and unhealthy dietary behaviours. While energy drink and sugary food consumption was at its highest, PA behaviour and BMI was at a moderate level. The association between immoderate intake of energy drink and sugary food as energy sources for PA behaviour cannot be ruled out here. This may also explain a similar relationship identified in cluster 3.
The weight status classification of youth from the two countries indicates that there is a higher percentage of overweight/obese Saudi youth compared to those from CE. The combined prevalence of overweight/obesity amongst Saudi youth was 36.5%. Additionally, the cluster analysis clearly demonstrates that there are existing patterns between the variables. For example, high BMI is related to low PA behaviour. Engaging in healthy dietary habits is related to lower BMI and higher levels of PA. The findings reaffirm the notion that behaviours should not be considered in isolation from one another.
The relatively high percentages of overweight/obese Saudi youth found in this study appear to concur with findings from other studies on Saudi populations [2] [19] [20] [38] . Overall, youth from SA appeared to be the least active and had the highest prevalence of overweight/obesity compared to youth from CE. The low levels of PA and high percentage of overweight/obese amongst males and females from SA might be related to certain aspects of their lifestyle, dietary habits and environmental factors. For example, using saturated fat in traditional cooking is commonplace in the Gulf countries. A recent study on poor diet quality and food habits of Saudi youth found an increase in dietary intake from fats combined with a high daily consumption of rice, bread and meat which are regarded as the staple diet and included in most meals [21] . This seems to concur with other studies on youth that found obese children and adolescents consume significantly more servings of meat, grain products, fast foods, sugar, sweetened drinks and potato chips compared to non-obese children and adolescents [22] .
Generally, engagement in PA by young people in SA is not regarded as a desired leisure time pursuit due to cultural attitudes and beliefs. It is commonly perceived that the quest for academic excellence has greater status and given higher priority than participation in other activities. Usually, parents encourage their children to engage in educational and spiritual activities rather than leisure time activities. This unfavourable approach to-wards PA is further compounded by the harsh desert environment for a substantial part of the year and the absence of appropriate outdoor and indoor facilities for exercise. Moreover, attitudes, societal norms and expectations of communities in SA are generally less amenable towards involvement in sporting activities that require adherence to particular forms of dress [18] [19] [38] .
The findings of the study should be considered within the context of its limitations. Firstly, in the absence of more accurate knowledge relating to the body composition or biological age of the youth, the use of BMI cut-off points for overweight and obesity classification complicate data interpretation particularly for borderline individuals. Furthermore, height/weight curves for youth are not linear. The lower BMI in the UK youth may in part, be due to the fact that the UK youth were marginally younger than the SA youth. The differences found here need to be interpreted with this point in mind. Secondly, self-report measures of behavior may be subject to social desirability bias, and the differences in maturation status between youth from the two countries may have affected obesity classification. Therefore, future studies could consider utilising a mixed approach in data collection through both objective and self-report measures of PA. Also, the youths' perceptions could be recorded through focus groups and interviews to further explore other causes and aspects of their lifestyle and health behaviours.
Conclusion
The lifestyle and nutritional habits of young people in both developed and developing countries have undergone a major transformation over the past few decades. This is particularly evident in high-income countries such as the UK and SA, where a sedentary lifestyle and an unhealthy diet that is based on high-density processed food offered by a huge range of fast food outlets have contributed to a low level of PA and a high rate of obesity amongst young people. While males from both the UK and SA had healthier lifestyle and dietary habits than females, the younger the youth are, the healthier the lifestyle and dietary habits they have. Overall, the youth from the UK seemed to pursue a comparatively healthier lifestyle and follow better dietary habits than SA youth. However, these findings reveal a worrying picture of young people's lifestyle and have important practical implications for both countries and will be of interest to policy makers, teachers and health professionals. Furthermore, exploring the cross-cultural and demographic characteristics of youth enables the identification of similarities and differences that might lead to the development of universal intervention strategies. The findings further reaffirm the notion that health practices tend to occur in clusters rather than in isolation and indicate that one should consider the patterns within these clusters of behaviours when planning policies and designing intervention strategies regarding nutritional habits, PA and obesity of youth.
